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导电聚苯胺吸波涂层进行了电控检测，分别通过外加不同强度的电场（0 ~ 1875 
V/m）测试其在雷达波全波段（频率范围为 2 ~ 18 GHz）的吸波性能。实验结果
表明，电导率 大的掺杂甲基磺酸的导电聚苯胺吸波涂层在外加电场强度每增加
312.5 V/m 的作用下，其反射系数衰减达到 1 dB 左右，即下降幅度范围 大，吸
波性能可控性 好，而掺杂另两种磺酸的导电聚苯胺吸波涂层的反射系数分别仅






































With the rapid development of naval weapons and equipment in the world, more 
and more attention is paid to radar absorbing coatings for ships as one of warship 
stealth key technologies. The measurement of radar absorbing coatings for ships is an 
important topic in material science, microwave circuits, electromagnetic compatibility 
and so on. Thus accurately measuring the absorbing properties of absorbing coatings 
has played a decisive role in simulation, optimization design, performance evaluation 
and so on. 
After doing a lot of track and research with related technology, we’ve made a 
summary of the theory, applications and advantages or disadvantages about a variety 
of detection system for absorbing coatings and put forward a detection system of 
rectangular waveguide cavity short circuit which based on transmission line theory. 
Also we have designed a microstrip electrode and analyzed the error of the whole test 
system. Furthermore the test data was processed by a program written by Matlab. So 
combined with test instruments, a complete electric control detection system of radar 
absorbing coatings for ships is established.    
Doped polyaniline absorbing coatings using three kinds of sulfoacid MSA, SSA 
and TSA are detected at the applied electric field strength range of zero to 1875 V/m 
and the wide-band radar frequency range of 2 to 18GHz by the electric control 
detection system of radar absorbing coatings for ships. The result shows that the 
reflection coefficienton of PANI/MSA which conductivity is maximum attenuates 1 
dB for each additional electric field strength 312.5 V/m with the applied electric field. 
It means that the largest decrease in reflection coefficienton range, the best absorbing 
performance contronllability. Under the same conditions the reflection coefficienton 
of PANI/SSA and PANI/TSA attenuates only 0.5 dB and 0.35 dB. The absorption 
peak of three kinds of absorbing coatings appear in roughly at the Ku-band frequency 















displacement of the absorption peak, it remains to be further explored. 
The system realized the electric control detection aimed at radar doped 
polyaniline absorbing coatings for ships. The difficulty is mainly embodied in 
derivation of the model and the design of electrode and realization of software. The 
hardware and software structure are simple and easy to operate. The measurement is 
highly innovative, practical and propagable.  
Key words: absorbing coatings； rectangular waveguide cavity； complex 
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水上部分都采用了专业的雷达波吸波涂层。1996 年法国建造的 3600 吨“拉斐特”
号护卫舰是 具代表的隐身军舰，舰体及上层结构采取平滑设计，暴露部位都采
用吸波涂层等多种隐身手段，其雷达散射面积小于 1000m2，仅与 500 吨的沿海

































(c)“YS-2000”护卫舰 (d) “DD21”驱逐舰 


















米微屑作为主要填充剂的吸波涂层，其在 50 MHz ~ 50 GHz 都具有良好的吸波性



























































































时域法、多状态法或多厚度法，如图 1-3 所示。 
 
 















谐振腔法是二十世纪七十年代由 R. J. Cook 提出的，根据涂层样品放入谐振
腔前后谐振频率和品质因数的变化来计算样品的电磁参数，如图 1-4 所示。对于
低损耗介质涂层一般可以获得很好的测试准确度。Waldron R A 推导出微扰法测
量铁氧体涂层的理论之后，陆续出现了利用各种谐振腔测量涂层的电磁参数的方
法，例如 Julien A 设计了 TE01p 模圆腔，将样品置于谐振腔体中央，当谐振腔工
作在偶模时，在腔体中央 Eϕ 和 ZH 弱而 rH 强，当谐振腔工作在奇模时，在
腔体中央 Eϕ 和 ZH 强而 rH 弱，利用奇偶模 TE01p 样品放置前后谐振腔的谐振

































样品的电磁参数。二十世纪八十年代，Culler A L 从菲涅尔公式出发，推导出自









(a) 弓形测量示意图 (b) 弓形测量设备 




























Ledieu 采用了短路微带传输线装置来测量薄膜的复磁导率，频率达到 6 GHz[21]；
E. Moraitakis 采用了通用的等效电路，利用半解析方法对阻抗测试方法进行了分
析，并成功测试了沉积在硅片上，厚度仅为 150 nm 的坡莫合金膜的复磁导率，
测试频率为 200 MHz～4 GHz；2003 年 V. Bekker 设计出了针对铁磁薄膜复磁导率
的终端短路传输线结构，针对电磁波的 Q 波段、W 波段的亚毫米波和毫米波以及
更多高频段的涂层电磁参数进行测量。2005 年 L. Subramanian, M.N. Afsar, K.A. 
Korolev 研制出了一种准光学测光仪，该方法是基于磁场光学实现的，将涂层样
品放置于磁场中，利用返波振荡器（BWO）作为扫描源进行测量，频率范围覆盖





























Lab View 的 GPIB 虚拟仪器自动测试系统，用户可以通过软件模块的扩充对虚拟
仪器的功能进行自定义，而不需要受到传统仪器厂商的限制，避免了出现厂商提













介电常数和复磁导率的测量，使用了矩形波导传输/反射法在 2 ～ 26.5 GHz 频
段内复介电常数和复磁导率的测量误差小于 10%；标准号为 GB/T 5597-1997 的
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